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Abstract
Protein and lipid content as well as the fatty acid (FA)
composition of storage tissues were analysed in two
varieties of Oreochromis niloticus (Red-Stirling and
Chitralada) and their hybrid.The animals weremain-
tained in cages for 11months. The samples were ta-
ken when the animals weighed 10, 50, 100, 250 and
500 g. The results showed that changes in the meta-
bolic processes occur during an increase in body
mass in both varieties of tilapia and also their hybrid,
but that these di¡erences are not found in animals
collected at the commercial weight. The protein con-
tent of the ¢llet and liver decreased with growth and
the same protein content associatedwith growthwas
found for ¢llet lipid content. The genetic variety did
not in£uence the FA pro¢le of the ¢llet, but di¡erent
genotypes had di¡erent hepatic FA compositions.
Even with the same lipid content, the hepatocytes of
Chitralada accumulated higher levels of polyunsatu-
rated fatty acids (PUFA) n6 in triglycerides and in-
creased C22:6n3 in the hepatocyte membranes. The
higher n6PUFA content was compensated by a lower
fraction of saturated FA in the hepatocyte triglycer-
ides. The skin of Chitralada also had higher n6PUFA
and C22:6n3 contents, suggesting a higher ability to
deposit PUFA in the skin due to alterations in the liver
synthetic pathway.
Keywords: Red-Stirling, fatty acids, Chitralada, li-
ver, tilapia, protein,
Introduction
The search for food of animal originwith low choles-
terol levels and high protein levels has led to an in-
crease in the inclusion of ¢sh in the daily menu
worldwide and has increased the demand and search
for new sources of ¢sh to supply themarket. Aquacul-
ture is one of these sources, but to meet the nutri-
tional requirements necessary for the market, ¢sh
produced in captivity should have the same nutri-
tional values as wild species. This is an important
issue for food companies’market strategies as consu-
mers are currently concerned about purchasing pro-
ducts with satisfactory nutritional quality (13Food
and Agriculture Organization 2006). The main para-
meters desirable in farmed ¢sh are a high protein
content and low lipid levels (mainly cholesterol), with
high proportions of polyunsaturated fatty acids
(PUFA) (El-Dahhar1997) in the ¢llet.
Most ¢sh are usually a rich source of o-3 (n3) and
o-6 (n6) PUFA. However, this pro¢le depends on the
species, the climate and the diet available. The best
fatty acid (FA) pro¢le required for human consump-
tion is more often found in wild ¢sh than in farmed
¢sh, as in captivity, they are fed with manufactured
diets, which are prepared mainly with vegetable oils
and saturated fats. Some studies have shown that
farmed ¢sh, including tilapia, have low amounts of
the main PUFA [n3, a-linolenic acid, eicosapentae-
noic acid and docosahexaenoic acid (DHA)] com-
pared with wild ¢sh (Justi, Hayashi, Visentainer,
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Souza &Matsushita 2003; Luzia, Sampaio, Castelucci
& Torres 2003). o-3 FAs have positive e¡ects on
health, and adequate intake of these FAs, together
with the o-6 FAs, may reduce the risk of many dis-
eases such as hypertension, diabetes, arthritis and
other in£ammatory disorders and cancers (Howe
1997; Wahlquist 1998; Krishna Mohan & Das 2001;
Colquhoun, Miyake & Benadiba 2009).
Tilapias comprise a group of African cichlids, with
some species raised in di¡erent regions of the world.
Nile tilapia (Oreochromis niloticus) is the most impor-
tant commercially cultured tilapia species world-
wide. Nile tilapia has many important biological
characteristics for aquaculture. They grow quickly
in captivity, tolerate higher densityconditions and in-
tensive management systems, feed mainly on phyto-
plankton or benthic algae and accept awide range of
feeding from manures and agricultural by-products
to manufactured feeds (Beveridge & McAndrew
2000). Also, the ¢llet yield (35%), low fat (0.9 g/
100 g), few calories (172 kcl/100 g) and lack of bones
have resulted in the Nile tilapia being widely con-
sumed (Clement & Lovell1994).
Currently, genetic breeding programmes are being
conducted through intra-speci¢c diallelic crosses, fol-
lowed by selection (Bentsen, Eknath, Palada DeVera,
Danting, Bolivar, Reyes, Dionisio, Longalong, Circa,
Tayamen & Gjerde 1998) and also by inter-speci¢c
crosses (Moreira, Moreira & Hilsdorf 2005). These ge-
netic breeding programmes aimed to achieve superior
strains for the aquaculture industry.
Some authors have recognized that di¡erent genet-
ic strains may be the reason for the di¡erent patterns
of substrate deposition in salmonids (Shearer 1994)
and tilapias (Gardun o-Lugo, Granados-Alvarez,
Olvera-Novoa & Mun oz-Co¤ rdova 2003; Gardun o-
Lugo, Herrera-Solis, AŒ ngulo-Guerrero, Mun oz-
Cordo¤ va & Cruz-Medina 2007). Therefore, the nutri-
tional content may be a parameter to be culled in
genetic breeding programmes, and may result in
knowledge of the chemical composition of the tissues
and organs according to sex, age and genetic back-
ground.This would be an important step in establish-
ing a selection index.
Fish ¢llets are an important source of PUFA for hu-
man nutrition, and genetic characteristics can alter
the chemical composition of many ¢sh species.
Therefore, the aim of the present study was to ana-
lyse the FA pro¢le, the protein content and the lipid
content of two strains of O. niloticus (Red-Stirling
and Chitralada) and their intra-speci¢c hybrid raised
in cage systems.
Materials and methods
Experimental procedures and feeding
A total of 5400 tilapia were placed in nine cages
(1.5  1.5  1.5m, volume of 3.375m3) at a storage
density of 177 ¢shm3 (600 ¢sh cage1) at the Bra-
zilian Industry aquaculture facilities (Jundia|¤ city,
SP, Brazil). All animals were males obtained by sex
reversal through the administration of the androgen
steroid 17-a-methyltestosterone (MT) in the diet
(60mgMT kg1of diet for 28 days).
Three experimental groups were established: Red-
Stirling, Chitralada and their hybrid (male Red-Stir-
ling  female Chitralada). The two strains were ge-
netically evaluated by microsatellite markers, which
showed a signi¢cant genetic di¡erentiation between
both stains (RST50.130, Po0.05) (Moreira, Silva,
Souza & Hilsdorf 2007).They were maintained in tri-
plicate in cages distributed randomly in a10-hectare
reservoir. The tilapia were fed daily with an extruded
commercial feed (crude protein 32%, crude lipids
6.5%, moisture 8%, ¢bre mixture 7%, mineral mix-
ture 10%, calcium 1.2%, phosphorus 0.6%, vitamin
C 0.32%), and both the dissolved oxygen and the
water temperature were monitored daily in the
morning and afternoon using an oximeter (model
55; YSI, Yellow Springs, OH, USA). Additionally,
samples of water were collected, centrifuged and
¢ltered in a laminar £ux using a 0.22 mm Millipore
¢lter (Billerica, MA, USA), and FAs retained in the ¢l-
ter were analysed (Table 1). The FA pro¢le of the diet
was also determined (Table 2).
During the experimental period (11months, from
March 2006 to February 2007), the animals were
fed to apparent satiety two times a day. The ¢sh were
sampled from the cages when the average body mass
was around 10, 50, 100, 250 and 500 g. Five animals
from each cages (15 from each group) were collected
for sampling. Animals with a body mass of10 g were
collected in March 2006 (early autumn),50 g in May
(mid-autumn), 100 g in August (end of the winter),
250 g in November (mid-spring) and 500 g in Febru-
ary (mid-summer).
The ¢sh were caught and anaesthetized with a
benzocaine solution diluted at a concentration of
70mg L1. Blood samples were immediatelycollected
using heparinized syringes (Liquemine, Roche
s
, Rio
de Janeiro, RJ, Brazil) and needles by puncturing the
caudal vasculature. Blood samples were centrifuged
at 655.1g for 10min, and the plasma was separated
into aliquots, which were immediately frozen in dry
ice and preserved at 80 1C until processing.
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After blood collection, ¢sh were killed by cutting
the section of the spinal cord next to the operculum,
the weight and lengthwere recorded and portions of
the skin, portions of the ¢llet, thewhole liver and por-
tions of the adipose tissue were removed. Tissues
were placed in cryovials and zip-lock bags, immedi-
ately frozen in dry ice and kept at 80 1C until pro-
cessing.
Tissue analysis
Crude protein
The protein content of tissue (¢llet and liver) and
plasmawas determined using the colorimetric meth-
od of Lowry, Rosenbrough, Farr and Randall (1951).
Precipitation and solubilization of the total protein
in the muscle and in the liver was performed accord-
ing to Milligan & Girard’s (1993) method.The concen-
tration of protein was calculated using a standard
curve of bovine serum albumin (Sigma Diagnostics,
St Louis, MO, USA) at 660 nm.
Crude lipids
The total lipids of the ¢llet, skin and liver were ex-
tracted with a mixture of chloroform, methanol and
water (2:1:0.5) according to Folch, Less and Sloane
Stanley (1957) and adapted by Parrish (1999).Total li-
pids in the ¢llet and liver were quanti¢ed using the
enzyme-colorimetric method described by Frings,
Fendly Dunn and Quenn (1972) using cod liver oil
(Sigma Diagnostics) as a standard at 540 nm.
Moisture
The analysis of moisture in the ¢llet was performed
with 500 gof ¢shusing about100mgof tissue, which
was initially weighed and then placed in an oven
(105 1C) for approximately 24 huntil it had a constant
weight. The tissue was removed from the oven and
cooled in a desiccator until it reached room tempera-
ture and the ¢nal weight was determined. The di¡er-
ence found between the initial and the ¢nal weight
was expressed as the percentage of moisture in the
tissue (InstitutoAdolfo Lutz1985).
Table 1 Fatty acid pro¢le of total lipids in the water
Fatty acid %
14:0 2.5
16:0 43.1
17:0 1.1
18:0 4.3
20:0 1.3
SSFA 52.3
16:1n7 5.1
17:1n9 2.7
18:1n9 13.1
SMUFA 20.9
18:2n6 6.7
18:3n6 5.1
22:5n6 3.2
Sn6 15.0
18:3n3 7.2
18:4n3 3.3
22:6n3 1.3
Sn3 11.8
SPUFA 26.8
n3/n6 0.8
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.
Table 2 Fatty acid pro¢le of the experimental diets
Fatty acid %
14:0 1.0
15:0 0.2
16:0 15.7
17:0 0.8
18:0 12.0
20:0 1.4
21:0 0.2
22:0 0.9
23:0 0.2
24:0 1.3
SSFA 33.7
14:1n5 0.1
16:1n7 1.3
17:1n9 0.2
18:1n9 28.2
18:1n7 2.3
20:1 0.6
24:1 0.2
SMUFA 33.0
18:2n6 28.7
18:3n6 0.3
20:2n6 0.2
22:2n6 0.3
22:4n6 0.1
Sn6 29.8
18:3n3 2.2
20:3n3 0.4
20:5n3 0.1
22:5n3 0.5
22:6n3 0.3
Sn3 3.5
SPUFA 33.3
n3/n6 0.1
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.
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FA pro¢le
The lipid extracts (as described above) of the animal
tissues at the end of the experiment (500 g) were se-
parated into polar lipids (phospholipids) and neutral
lipids (triglycerides) using an activated silica column
(Yang 1995). Methylation of each fraction was per-
formed with acetyl chloride (5% HCl in methanol)
(Christie 2003), and FA composition was determined
asmethyl esters usingaVarianModel 3900Gas Chro-
matograph (Walnut Creek, CA, USA) coupled with
£ame ionization detection (FID). Fatty acids were
identi¢ed by comparing the retention time using a
known standard of fatty acids methyl esters (FAME)
(Supelco, 37 components; Sigma-Aldrich (Chicago,
IL, USA) and Mixture Me93, Qualmix PUFA ¢sh M,
and Menhaden Oil, Larodan, Malm ,˛ Sweden). The
FAME was analysed on a capillary column (CP Wax
52 CB, Varian, Lake Forest, CA, USA; 0.25 mm thick-
ness, inside diameter 0.25mm and 30m length).
Hydrogen was used as a carrier gas at a linear velo-
city of 22 cm s1. The temperature program was
170 1C for1min, followed by a 2.5 1Cmin1 ramp up
to 240 1C, and a ¢nal hold time of 5min. Injector and
FID temperatures were 250 and 260 1C respectively.
Statistical analysis
The FA pro¢les, lipids and protein content of the sto-
rage tissues were compared between strains using an
analysis of variance (one-wayANOVA), followed by the
Holm^Sidak t-test for parametric analysis and Dunn’s
test for non-parametric analysis. The one-way ANOVA
was chosen to analyse the ¢sh strain and the body
mass as separate variables in two distinct analyses.
For all analyses, di¡erences were considered to be sig-
ni¢cant when Po0.05. These analyses were per-
formed using the statistical software SIGMASTAT for
Windows ver.3.10 (Systat Software, SanJose, CA, USA).
Results
Food andWater Quality
The FA analyses of the diet (Table 2) showed the pre-
sence of 3% of n3PUFA and 30% of n6PUFA, with li-
noleic acid (C18:2n6) contributing 28.7% of the PUFA.
Saturated (SFA) and monounsaturated fatty acids
(MUFA) each represent around 33% of the total FAs.
In contrast, in plankton (Table 1), the SFA repre-
sents more than half of the total FA (52.3%), and pal-
mitic acid (C16:0) is the main FA found (43.1%).
Monounsaturated fatty acids comprises 20.81%
(C18:1n9, oleic acid, is the main MUFA, with13.06 %)
and PUFA 26.81% (the main FAare C18:2n6, C18:3n6
and C18:3n3).
The water temperature ranged from18.5 1C (09:00
hours, during winter) to 25.8 1C (15:00 hours, during
the summer) and dissolved oxygen in the water ran-
ged from 4.8mg L1 (9:00 am, during summer) to
8.8mg L1 (3:00 pm, during winter).
Fish body composition
The data presented in Table 3 show the protein con-
tent in the ¢llet, liver and plasma for each of the three
varieties during the growth period. The Red-Stirling
tilapia accumulated more protein in the ¢llet in the
¢rst phase of growth (50 g) when compared with the
other groups. When Red-Stirling tilapia reached
100 g, themuscle protein decreased, whereas in Chit-
ralada and hybrids, this decrease occurred when an-
imals reached 250 g. However, when the commercial
size was reached (500 g), there was no di¡erence in
the protein content in the ¢llet.
The hepatic protein content in Red-Stirling and
Chitralada decreased when the animals increased in
bodymass from 250 to 500 g, but for the hybrids, this
was beyond signi¢cance (P40.05). Because of this
sharp decrease in hepatic protein, the parental spe-
cies presented a lower protein content at 500 g when
Table 3 Concentrationof total protein in the ¢llet (%), liver
(%) and plasma (mgmL1) of Oreochromis niloticus, Red-
Stirling, hybrid and Chitralada (mean  SEM)
Fishweight Red-Stirling Hybrid Chitralada
Fillet (g)
10 16.6  0.70a 16.8  0.54a 18.0  0.86a
50 23.2  1.04#b 17.6  0.79a 19.0  0.45a
100 18.6  0.59a 18.5  0.44a 19.4  0.40a
250 16.3  0.18a 13.2  1.62b 15.1  1.81b
500 14.1  0.45a 13.7  0.07b 12.1  0.50b
Liver (g)
100 7.6  0.57a 10.6  0.31#a 10.8  1.02#a
250 13.1  0.51#b 12.4  0.54a 12.3  0.44a
500 8.9  0.63a 10.1  0.33#a 4.70  0.90b
Plasma (g)
250 43.2  4.50 37.7  3.20a 37.1  3.70a
500 56.7  5.50 54.9  2.30b 49.9  4.20b
Di¡erent symbols indicate statistical di¡erences (Po0.05) be-
tween the strains (horizontal).
Di¡erent letters indicate statistical di¡erences (Po0.05) between
body mass (vertical).
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compared with the hybrids. The decrease in hepatic
protein from 250 to 500 g was followed by an in-
crease in plasma protein in Chitralada and hybrid ti-
lapias.
The data presented in Table 4 show the lipid con-
tent in the ¢llet and liver versus growth in the three
varieties. The data showed that in ¢llet, the lipid con-
tent decreased throughout the growth period but
most drastically between 50 and 250 g when these
values were maintained constant. The comparison
made between the groups showed that in some
growth periods, muscle lipid content was di¡erent
depending on the group considered. An example is
shown with 100 g specimens, where Chitralada pre-
sented with a lower ¢llet lipid content than Red-Stir-
ling and hybrids, and with 250 g, where the hybrids
presented a lower muscle lipid content. However, in
the same way as the protein content, when animals
reached the commercial size, no di¡erences in the ¢l-
let lipid content were found when comparing the
three strains. Similarly, in the liver, there was a sharp
decrease in lipids when the animals’ body mass in-
creased from 100 to 250 g, and the lipid content re-
mained constant in the 500 g animals. No
di¡erences in hepatic lipids were found among the
three groups. The comparison of lipid content in the
liver and ¢llet showed that the liver stores more lipids
than ¢llet throughout all phases of growth.
The wet content of the ¢llet ranged from 65% to
81% in the three groups, without signi¢cant di¡er-
ences within each group (Table 5).
The FA pro¢les of the animal tissues were deter-
mined when they reached the commercial size. The
FA pro¢le of the ¢llet is presented in Table 6. In the
neutral fraction, Red-Stirling had a higher percen-
tage of C18:0 (Po0.05) when compared with Chitra-
lada and hybrid tilapias. C16:1 was higher in hybrid
¢sh when compared with Red-Stirling. In the polar
fraction, no di¡erences in the FA content were found
among the di¡erent strains.
The liver FA pro¢le is presented in Table 7. The re-
sults showed that in the neutral fraction, Chitralada
had a higher percentage of C20:1 when compared
with Red-Stirling.The samewas observed for n6PUFA,
due to higher amounts of C18:2n6, C20:2n6, C20:3n6
and22:4n6.The pro¢le of thehybridswasmore similar
to Red-Stirling than Chitralada.The C20:4n6/C18:3n6
ratio in the liver neutral fractionwas higher in hybrids
than Chitralada, but did not di¡er from Red-Stirling.
In the liver polar fraction, Red-Stirling showed a
decrease in the percentage of total PUFAwhen com-
pared with Chitralada and hybrids. This di¡erence
occurred because the percentage of n3PUFA, mainly
C22:6n3, decreased the n3/n6 ratio in the Red-Stir-
ling. Evenwith no di¡erences in total SFA, C14:0 was
also higher in Red-Stirling ¢sh when compared with
Chitralada (Table 8).
In adipose tissue (Table 8), the main alterations ob-
served were in MUFA, whichwere higher in Chitrala-
da when compared with Red-Stirling and hybrids.
This increase was mainly due to an increase in
C20:1and C18:1, themainMUFA inadipose tissue. Sa-
turated fatty acid and PUFAwere not altered in adi-
pose tissue according to genotype. Plasma PUFA
were higher in Chitraladawhen compared with Red-
Stirling, due to an increase in n3PUFA, mainly DHA
(Table 9).
The FA pro¢le of total lipids in skin is presented in
Table10.The data presented emphasize that Chitrala-
da present di¡erent FA pro¢les in skin when com-
pared with Red-Stirling. Chitralada had a lower
percentage of SFA in skin than Red-Stirling, mainly
due to di¡erences in C14:0 and a higher percentage
of total PUFA. The primary PUFA in Chitralada was
Table 4 Concentration of total lipids in the ¢llet and liver
(%) ofOreochromis niloticus, Red-Stirling, hybrid and Chitra-
lada (mean  SEM)
Fishweight Red-Stirling Hybrid Chitralada
Fillet (g)
10 1.0  0.04a 1.0  0.07a 1.1  0.06a
50 1.2  0.07a 1.4  0.17a 1.0  0.09a
100 0.6  0.05b 0.6  0.05b 0.4  0.03#b
250 0.3  0.04c 0.1  0.01#c 0.2  0.02#ac
500 0.5  0.11bc 0.2  0.06c 0.3  0.04bc
Liver (g)
100 4.1  0.30a 4.4  0.41a 3.5  0.27a
250 1.5  0.29b 2.0  0.29b 1.8  0.28b
500 2.6  0.24b 2.4  0.33b 2.2  0.34b
Di¡erent symbols indicate statistical di¡erences (Po0.05) be-
tween the strains (horizontal).
Di¡erent letters indicate statistical di¡erences (Po0.05) between
body mass (vertical).
Table 5 Moisture in ¢llets (%) of Oreochromis niloticus,
Red-Stirling, hybrid and Chitralada (mean  SEM)
Fishweight (g) Red-Stirling Hybrid Chitralada
10 73  2.0 73  4.0 68  0.6
50 68  2.3 71  3.7 71  3.7
100 65  2.0 75  3.4 78  4.1
250 72  1.8 74  4.5 67  1.2
500 68  1.2 81  3.4 78  3.6
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n6 due to long-chain n6PUFA (LC-PUFA), C20:4n6,
C22:2n6, C22:4n6 and C22:5n6 when compared
with Red-Stirling. It is also important to highlight
that Chitralada had a higher percentage of C22:6n3
in the skin when compared with Red-Stirling ani-
mals; however, this di¡erence is not re£ected in total
n3PUFAdue to a decreased tendency (not signi¢cant)
in C18 n3PUFA. In most of the FA analysed in the
skin, thehybrid tilapias presented no statistical di¡er-
ence with the parental species, except that C20:3n3
was lower than that in Red-Stirling and was not de-
tected in Chitralada.
Discussion
The in£uence of the di¡erent tilapia strains on meta-
bolic substrates was analysed relative to growth, with
an emphasis on the FAcompositionof the ¢shat com-
mercial size.
The protein content of the ¢llet and liver decreased
relative to the growth in the three experimental
groups analysed. This decrease in muscle protein is
believed to be due to the use of this energetic sub-
strate for growth, particularly during the winter per-
iod faced by the animals. The ¢llet protein content in
the three groups was similar to those found by Gar-
dun o-lugo, Herrera-solis, AŒ ngulo-guerrero, Mun oz-
cordo¤ va and Cruz-medina (2007) in Nile tilapia and
a red hybrid, and these authors also did not ¢nd dif-
ferences in the protein content in the ¢llet consider-
ing these di¡erent strains. In the present work, the
onlydi¡erences in the protein content found between
the genotypes were in the liver, but these di¡erences
were without a clear pattern. The Red-Stirling accu-
mulated less protein in the liver at 100 g, but when
the animals reached 250 g, they had a higher protein
content. At commercial size, the hybrids had a higher
liver protein content. According to PaŁ dua (1996), the
increase in body mass is followed bya decrease in the
Table 6 Fatty acid pro¢les of the neutral and polar fractions in ¢llets of Oreochromis niloticus, Red-Stirling, hybrid and Chit-
ralada, (mean  SEM)
Fillet
Neutral fraction Polar fraction
Fatty acid (%) Red-Stirling Hybrid Chitralada Red-Stirling Hybrid Chitralada
14:0 2.30  0.18 2.42  0.10 2.39  0.3 0.94  0.2 0.83  0.2 0.58  0.1
16:0 22.8  0.40 23.5  0.60 22.4  1.3 17.8  1.1 16.5  1.4 17.1  2.2
18:0 8.25  0.19a 6.73  0.08b 6.04  0.17b 12.1  1 11.7  0.6 11.8  0.2
SSFA 33.2  2.19 32.6  1.42 30.8  1.56 30.8  2.5 29.0  1.4 29.5  1.9
16:1n7 3.75  0.18a 5.00  0.15b 4.49  0.26ab 1.37  0.2 1.38  0.1 1.62  0.40
18:1n9 37.8  3.03 36.7  1.63 35.8  1.24 16.3  1.6 14.1  1.2 17.0  2.7
20:1n9 2.18  0.18 0.93  0.19 1.53  0.35 ND ND ND
SMUFA 43.5  2.98 42.8  1.58 41.8  1.22 17.7  1.9 15.5  1.4 18.6  2.2
18:2n6 16.5  0.31 16.9  0.32 17.1  0.46 12.1  0.8 12.3  0.7 11.7  0.7
18:3n6 1.09  0.13 1.23  0.11 1.39  0.08 1.53  0.4 1.19  0.2 1.12  0.3
20:2n6 0.90  0.17 0.8  0.17 1.13  0.04 1.39  0.2 1.26  0.1 2.02  0.2
20:3n6 0.90  0.07 1.04  0.03 1.03  0.07 1.95  0.1 2.33  0.1 2.30  0.2
20:4n6 0.23  0.04 ND 0.16  0.01 1.59  0.4 0.93  0.2 ND
22:4n6 0.82  0.06 0.88  0.60 0.92  0.09 3.98  0.9 3.67  0.2 3.51  0.6
22:5n6 0.79  0.07 0.74  0.08 0.86  0.08 8.00  1.1 8.26  0.5 8.46  0.8
Sn6 20.6  0.62 21.6  0.39 22.6  0.43 30.6  2.4 30.0  1.1 29.1  1.9
18:3n3 1.33  0.18 1.37  0.11 1.37  0.07 ND 0.62  0.1 0.64  0.1
20:3n3 0.23  0.04 ND 0.16  0.01 8.84  1.3 10.1  0.8 10.2  1.1
22:5n3 0.46  0.10 0.50  0.12 0.40  0.04 2.64  1.2 1.96  0.2 2.37  0.4
22:6n3 0.83  0.10 0.90  0.08 0.89  0.12 7.54  0.8 8.37  0.9 7.93  0.9
Sn3 2.78  1.2 2.77  1.00 2.82  0.60 19.0  2.1 21.0  1.5 21.1  2.1
SPUFA 23.4  0.9 24.4  0.54 25.4  0.57 49.6  2.2 51.0  2.1 50.2  4
n3/n6 0.13  0.1 0.12  0.05 0.12  0.02 0.62  0.1 0.70  0.1 0.72  0
Di¡erent letters indicate statistical di¡erences (Po0.05) between strains (horizontal).
Not detected.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
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water content and an increase in the lipid content,
and this author suggests that minimum alterations
in proteins andminerals content accompanygrowth.
On the contrary, in Nile tilapia and the Red hybrid,
Gardun o-Lugo et al. (2007) did not ¢nd di¡erences in
¢llet moisture in the di¡erent strains, corroborating
the results of the present study.
The changes in the protein content in the ¢llet dur-
ing growthwere comparable to the changes in the li-
pid content. There was a decrease in the ¢llet lipid
content with growth, which was more evident when
the body mass increased from 50 to 100 g, coinci-
dently between May and August (during winter).
However, even during spring, when the body mass
changed from100 to 250 g, the lipid content in mus-
cle decreased again and then was constant until the
¢sh weighed 500 g (summer). According to Rasoara-
hona, Barnathan, Bianchini and Gaydou (2005), tila-
pia muscle lipid content decreases between autumn
and winter, corroborating the data of the present
study collected during the animals’ body mass in-
crease from 50 to 100 g. These authors found that in
O. niloticus with a body mass varying from 100 to
250 g, the lipid content was higher in autumn and
lower in winter. We suggest that at lower tempera-
tures, higher oxygen solubility can be important in
driving the use of this metabolic substrate to produce
energy.
It is important to highlight that the lipid content
found in all of the experimental groups in this study
was below those described by Gardun o-Lugo et al.
(2007) in Stirling (0.97%, or 9.7mgg1) and in the
red hybrid (0.70% or 7mgg1). Both experimental
groups were fed with a diet containing 14.6% crude
lipid, more than twice the amount used in the present
study (6.5%). Additionally, in the experiment con-
ducted by Gardun o-Lugo et al. (2007), the stocking
density was lower (7 ¢shm3) than the present
study, suggesting that in a small swimming area, the
animals use more lipid from muscle.
Table 7 Fatty acid pro¢les of neutral and polar fraction in liver of Oreochromis niloticus, Red-Stirling, hybrid and Chitralada
(mean  SEM)
Liver
Neutral fraction Polar fraction
Fatty acid (%) Red-Stirling Hybrid Chitralada Red-Stirling Hybrid Chitralada
14:0 4.48  0.77 3.10  0.46 1.99  0.41 1.73  0.16a 1.10  0.07ab 0.87  0.07b
16:0 28.8  1.09 25.8  1.58 22.5  1.43 16.2  0.66 16.1  0.94 14.9  0.79
18:0 26.0  2.34a 17.6  4.40ab 11.4  1.51b 12.9  0.78 12.7  0.55 13.3  0.64
SSFA 60.8  2.24a 48.4  5.88b 38.1  1.62b 31.4  0.94 30.4  0.98 30.0  0.64
16:1n7 5.88  0.62 5.34  0.41 4.76  0.42 3.55  0.39 2.65  0.30 2.51  0.31
18:1n9 22.2  1.38 31.5  4.99 34.7  4.41 21.1  1.62 17.1  0.87 16.5  1.62
20:1n9 0.15  0.01a 0.18  0.01ab 0.29  0.02b ND ND ND
SMUFA 28.3  1.77 37.5  4.95 40.1  1.47 24.7  2.01 19.9  1.12 19.1  1.94
18:2n6 7.18  0.89a 8.19  1.12a 13.5  1.15b 9.17  0.52 7.87  0.53 8.44  0.83
18:3n6 0.42  0.04a 0.49  0.04a 0.89  0.11b 0.62  0.02 0.57  0.01 0.68  0.05
20:2n6 0.42  0.06a 0.62  0.09ab 0.89  0.08b 1.24  0.07 1.32  0.09 1.42  0.05
20:3n6 0.27  0.04a 0.49  0.07ab 0.70  0.08b 2.04  0.10 2.26  0.15 2.06  0.22
20:4n6 0.58  0.12 1.31  0.32 1.28  0.35 9.46  0.45 9.46  0.41 10.6  0.43
22:4n6 0.24  0.03a 0.46  0.09a 0.72  0.11b 3.05  0.25 3.58  0.30 3.52  0.40
22:5n6 0.33  0.06 0.77  0.19 0.91  0.26 8.69  0.84 8.98  0.50 9.23  0.49
Sn6 9.45  1.10a 12.3  1.69a 19.2  2.37b 34.3  1.51 34.1  1.36 36.0  0.69
18:3n3 0.63  0.17 0.71  0.12 1.20  0.12 0.47  0.07 0.52  0.06 0.65  0.10
20:5n3 ND ND ND ND 0.26  0.01 0.35  0.16
22:5n3 0.19  0.08 0.23  0.04 0.31  0.05 1.46  0.07 2.11  0.22 2.11  0.19
22:6n3 0.29  0.06 0.78  0.21 0.78  0.30 7.72  0.66a 12.4  0.90b 11.5  1.54b
Sn3 0.98  0.31 1.68  0.33 2.38  0.51 9.42  0.75a 15.1  1.05b 14.6  1.70b
SPUFA 10.4  1.47a 14.0  1.98a 21.8  2.84a 43.7  1.77a 49.2  1.67b 50.6  1.76b
n3/n6 0.11  0.01 0.13  0.01 0.12  0.01 0.27  0.02b 0.44  0.03b 0.40  0.05b
18:3n6/18:2n6 0.06  0.01 0.06  0.01 0.06  0.26 0.06  0.02 0.07  0.03 0.08  0.02
20:4n6/18:3n6 1.35  0.26ab 2.61  0.53a 1.24  0.27b 15.3  5.66 16.6  5.02 15.8  8.18
Di¡erent letters indicate statistical di¡erences (Po0.05) between strains (horizontal).
ND, Not detected.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
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In ¢sh, the liver is considered to be an important
secondary lipid depot organ (Sheridan 1994), and
the FA content of lipid in the liver can decrease with
growth (De Silva, Gunasekera & Austin 1997). This
pro¢le was evident in the strains and hybrid analysed
here, and a sharp decrease was found when the body
mass increased from 100 to 250 g, at the same time
that muscle lipid also decreased. Considering the role
of liver as a lipid depot organ, the decrease in lipid
content accompanying growth re£ects the use of this
energetic substrate in growing animals and also indi-
cates that the amount of crude lipid in the diet is ade-
quate and prevents lipid accumulation in the liver,
one indicator of excess dietary lipids (Sargent,Tocher
& Bell 2002).
FAs
Analysis of FAs in the plankton is important because
the animals use plankton to balance the commercial
diet even when grown in cages and fed with a diet
that ful¢ls their nutritional requirements (Alceste
2004; Gomes, Correia & Moreira 2010). According to
Popma and Lovshin (1996), in the setting of a ba-
lanced diet, 30^50% of ¢sh growth occurs due to the
feeding on natural organisms from the environment.
The results showed that the freshwater organisms
analysed in thewater samples were rich in C18 PUFA,
corresponding to around 22% of the total FAs in the
water, and the percentage of LC-PUFAwas approxi-
mately 5%.
The FA pro¢le in the diet presented equal percen-
tages of SFA, MUFA and PUFA; however, in the latter,
the percentage of C18:2n6 corresponds to almost
90% of total PUFA. C18:2n6 (linoleic acid) is mainly
found in seeds such as soybean, sun£ower and corn
(Matsushita, Justi, Padre, Milinsk, Ayashi, Gomes,Vi-
sentainer & Souza 2006), suggesting a high inclusion
of these items in the commercial diet utilized. This
suggests that the 32% of crude protein present in the
diet originated fromavegetable source (e.g., soybean)
Table 8 Fatty acid pro¢les of adipose tissue of Oreochromis
niloticus, Red-Stirling, hybrid and Chitralada (mean
SEM)
Adipose tissue
Fatty acid (%) Red-Stirling Hybrid Chitralada
14:0 2.14  0.14 1.98  0.11 2.00  0.14
16:0 20.7  0.34 20.7  0.38 21.0  0.48
18:0 45.1  0.48a 43.8  0.49ab 32.9  2.14b
SSFA 70.7  0.55a 69.3  0.33ab 58.9  2.40b
16:1n7 3.86  0.11 4.37  0.16 4.52  0.25
18:1n9 16.6  0.45a 17.3  0.58a 26.8  2.53b
20:1n9 0.30  0.01ab 0.26  0.01a 0.35  0.01b
SMUFA 21.1  0.66a 22.3  0.57a 32.1  2.23b
18:3n6 0.88  0.04a 0.95  0.02ab 1.13  0.03b
20:2n6 1.12  0.1 1.04  0.09 1.12  0.24
20:3n6 0.71  0.04 0.73  0.02 0.76  0.05
20:4n6 0.76  0.02 0.77  0.02 0.83  0.05
22:4n6 0.66  0.05 0.68  0.03 0.72  0.08
22:5n6 0.67  0.04 0.62  0.02 0.64  0.08
Sn6 5.10  0.32 5.25  0.16 5.56  0.36
18:3n3 1.52  0.19 1.60  0.09 1.65  0.14
22:5n3 0.31  0.04 0.30  0.01 0.31  0.04
22:6n3 0.49  0.05 0.45  0.02 0.45  0.07
Sn3 2.94  0.11 3.08  0.08 3.06  0.19
SPUFA 8.05  0.42 8.33  0.24 8.62  0.55
n3/n6 0.58  0.02 0.58  0.01 0.55  0.01
Di¡erent letters indicate statistical di¡erences (Po0.05) between
strains (horizontal).
Not detected.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.
Table 9 Fatty acid pro¢les of plasma of Oreochromis niloti-
cus, Red-Stirling, hybrid and Chitralada (mean  SEM)
Plasma
Fatty acid (%) Red-Stirling Hybrid Chitralada
14:0 2.66  0.49 1.78  0.17 1.81  0.16
16:0 21.0  1.36 19.8  0.92 18.4  0.86
18:0 8.24  0.55 6.97  0.33 7.89  0.37
SSFA 34.0  5.49 31.5  2.90 28.1  1.47
16:1n7 3.11  0.27 2.57  0.15 2.75  0.22
18:1n9 25.7  1.50 22.4  1.02 22.1  1.10
20:1n9 0.20  0.02 0.26  0.06 0.48  0.18
SMUFA 29.0  2.28 25.3  1.17 25.3  0.99
18:2n6 11.1  0.88 9.65  0.32 10.9  0.71
18:3n6 0.79  0.06 0.77  0.32 ND
20:2n6 1.11  0.07 1.41  0.07 1.33  0.20
20:3n6 2.68  0.72 1.85  0.12 2.91  1.00
20:4n6 5.23  0.48 6.29  0.41 5.95  0.23
22:4n6 3.12  0.44 4.66  0.27 4.42  0.37
22:5n6 4.02  0.04 5.47  0.32 5.05  0.48
Sn6 28.0  3.01 30.8  1.12 31.6  0.86
18:3n3 1.07  0.21 1.19  0.20 1.05  0.13
20:5n3 0.31  0.07 0.53  0.08 0.39  0.05
22:5n3 1.74  0.38 2.27  0.20 2.05  0.23
22:6n3 5.84  0.91a 8.00  0.69ab 8.90  0.59b
Sn3 8.96  0.68a 12.0  0.88ab 12.62  0.90b
SPUFA 37.0  2.29a 42.8  1.47ab 46.5  1.59b
n3/n6 0.33  0.04 0.36  0.02 0.37  0.02
Di¡erent letters indicate statistical di¡erences (P&lt0.05) be-
tween strains (horizontal).
Not detected.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.
© 2011 Blackwell Publishing Ltd, Aquaculture Research, 43, 565–576572
Fatty acids and energetic substrates in tilapia strains V Ap R O Vieira et al. Aquaculture Research, 2012, 43, 565–576
witha low proportional inclusionof ¢shmeal, consid-
ering the low percentage of C20:5n3 (0.09%) and
C22:6n3 (0.32%), the main FA found in ¢sh meal.
Linoleic acid is essential to most freshwater ¢sh
and humans and is the main precursor of C20:4n6
(arachidonic acid), important in growth, reproduc-
tion, immune response modulationand physiological
alterations in ¢sh physiology due to environmental
stress conditions (Bell, Tocher, Macdonald & Sargent
1995). C20:4n6 was not detected in either the water
or the diet, but was present in all samples analysed
(mainly in the polar fractionof liver FA).This suggests
that these animals are elongating and/or desaturat-
ing C18 FAs to LC-PUFA and HUFA (Henderson &
Tocher1987), which are important in neural develop-
ment and are also precursors of prostaglandins and
leukotrienes (Youdim, Martin & Joseph 2000; Uauy,
Ho¡man, Peirano, Birch & Birch 2001). Like all verte-
brates, ¢sh do not have the desaturase enzymes D12
and D15 necessary to synthesize C18:2n6 and
C18:3n3 respectively; hence, these essential FAs must
be included in the ¢sh diet.
The FA metabolism of many ¢sh species in ¢sh
farms from temperate regions has been studied, and
the results show that the elongation and desatura-
tion of PUFA in hepatocytes, accessed by the D5
enzyme gene expression, increase when their
diets are rich in C18 essential PUFA, exempli¢ed by
diets enriched with vegetable oils (Hastings, Agaba,
Tocher, Leaver, Dick & Sargent 2001; Zheng, Tocher,
Dickson, Bell & Teale 2004; Agaba, Tocher, Zheng,
Dickson, Dick & Teale 2005;Tocher, Dick, Macglaugh-
lin & Bell 2006). In contrast, when the animals
are fed with diets rich in C20 and C22 PUFA, there is
a decrease in the expression of the D5 gene (Hastings
et al. 2001; Tocher, Bell, Dick & Crampton 2003;
Zheng et al. 2004; Agaba et al. 2005; Tocher et al.
2006). This pro¢le shows the role of C20^C22 PUFA
as inhibitors of these enzymes (Tocher et al. 2006).
However, for tropical species, this kind of research is
rare. The data from this study showed that the
animals from di¡erent strains equally desaturate
C18:2n6 to C18:3n6 in the liver; however, in the
further step in the FA synthetic pathway, the
C20:4n6/C18:3n6 ratio is higher in hybrids when
compared with Chitralada, evidencing that not only
the diet but also the genetic background in£uences
the activity of D5.
Luzia et al. (2003) analysed the FA pro¢le of ¢ve im-
portant ¢sh species in Brazil in the wild including
500 g O. niloticus. The data on the FA pro¢les of these
wild animals are di¡erent from those of the animals
reared in cages in our study. Primarily, the n3 and n6
PUFA are higher in the muscle of the strains and
crossbred ¢sh analysed herein than in wild tilapia
(n3 was 7% and n6, 9%). These data corroborate
what was established by Henderson and Sargent
(1985); captive ¢sh eating commercial diets have a
higher percent of n6PUFA than do ¢sh in the wild
due to the extensive use of soybean and corn in the
diets, as discussed previously.
The in£uence of genetic background on FAcompo-
sition was analysed in the ¢llet, liver, adipose tissue,
plasma and skin. In the muscle, the results showed
that the genetic di¡erences found between the Red-
Stirling and Chitralada strains as well as their hybrid
show no in£uence on the FA pro¢le in the neutral or
Table 10 Fatty acid pro¢les of the total lipids in the skin of
Oreochromis niloticus, Red-Stirling, hybrid and Chitralada
(mean  SEM)
Skin
Fatty acid (%) Red-Stirling Hybrid Chitralada
14:0 2.29  0.13a 1.98  0.09ab 1.64  0.30b
15:0 0.24  0.02 0.19  0.01 0.19  0.01
16:0 22.8  0.72 22.3  0.48 20.4  0.98
17:0 0.48  0.02 0.44  0.01 0.41  0.02
18:0 10.3  1.63 7.38  0.12 8.23  0.74
20:0 1.33  0.38 1.58  0.13 1.53  0.42
SSFA 37.5  4.22a 33.9  0.97ab 32.4  3.10b
16:1n7 3.87  0.09 4.17  0.17 4.34  0.40
17:1n9 0.46  0.09 0.40  0.01 0.42  0.03
18:1n9 31.6  1.53 33.5  0.32 31.3  0.97
20:1n9 0.75  0.27 0.24  0.02 0.49  0.25
SMUFA 36.8  1.28 38.3  0.52 36.8  0.53
18:2n6 15.9  0.42 14.7  0.09 16.3  0.52
18:3n6 0.98  0.12 0.99  0.03 0.95  0.03
20:2n6 0.82  0.03 0.86  0.01 1.04  0.03
20:3n6 0.71  0.08 0.85  0.11 1.02  0.20
20:4n6 1.41  0.16a 3.37  0.42ab 3.70  0.63b
22:2n6 0.15  0.02a 0.22  0.03ab 0.27  0.01b
22:4n6 0.74  0.08a 1.28  0.09ab 1.52  0.22b
22:5n6 0.62  0.09a 1.63  0.24ab 1.85  0.32b
Sn6 21.3  0.61a 23.9  0.70ab 26.6  0.89b
18:3n3 2.23  0.21 1.39  0.09 1.44  0.05
18:4n3 0.23  0.03 ND ND
20:3n3 0.25  0.01a 0.19  0.02b ND
22:5n3 1.19  0.13 0.50  0.13 0.6  0.09
22:6n3 0.26  0.01a 1.04  0.14ab 1.72  0.16b
Sn3 4.16  0.38 3.12  0.30 4.05  0.34
SPUFA 25.5  0.92a 27.0  0.99ab 30.6  1.22b
n3/n6 0.19  0.01 0.16  0.01 0.15  0.01
Di¡erent letters indicate statistical di¡erences (Po0.05) between
strains (horizontal).
Not detected.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids.
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the polar fraction of this tissue. Despite an alteration
in the percentage of C18:0 and C16:1 in the neutral
fraction, the sum of SFA and MUFAwas unchanged.
Gardun o-Lugo et al. (2007) also did not ¢nd any dif-
ference in the FA composition of ¢llets when compar-
ing wild Nile tilapia and a Red hybrid (Florida red
tilapia  red O. niloticus).
On the other hand, the liver FA pro¢le was found to
be di¡erent among the strains and their hybrid. The
analyses of the data showed that despite having the
same concentration of lipids (at 500 g), Chitralada ac-
cumulate a higher percentage of PUFA in the liver; al-
most all n6PUFA are higher in the neutral fraction of
the liver in this strain compared with Red-Stirling
and hybrids, but the main di¡erence is due to
C18:2n6.This increase in n6PUFA percentage is com-
pensated by a decrease in the percentage of SFA,
mainly C18:0. In the liver polar fraction, the same in-
crease in PUFA is found in Chitralada compared with
Red-Stirling, but here the increase is due to C22:6n3,
a n3PUFA. This di¡erence in C22:6n3 was inherited
by the hybrid, suggesting a FApro¢le in the polar frac-
tion of the liver lipids similar to that of the Chitralada.
The FA pro¢le of the adipose tissue was also af-
fected by the strain. Chitralada accumulate a higher
percentage of MUFA, mainly C18:1, and accumulate a
lower percentage of SFA, mainly C18:0. Considering
the role of plasma in the transport of these FAs, this
pattern can explain the previously discussed FA pro-
¢les in the skin.
The FA analyses of the skin were considered to be
important because the ¢llets are frequently commer-
cialized with the skin. Also, the skin has been viewed
as a source of bad fat by the general population be-
cause of comparisons with chicken products that are
rich in SFAand poor in PUFA (Ferreira, Braga, Souza,
Campos & Vieira 1999). Independent of the tilapia
strain analysed, a high percentage of PUFAwas ob-
tained in tilapia skin (26^30%), with a predominance
of C18:2n6 and considerable amounts of n3PUFA.
Chitralada skin presented higher percentages of most
C20^C22 n6PUFAwhen comparedwith Red-Stirling,
and the same pattern was found for the LCPUFA
C22:6n3, evidenced by the higher percentage of
C22:6n3 in the plasma of Chitralada. This suggests
that the consumption of tilapia ¢llet with the skin is
a healthy practice, particularly the Chitralada. Addi-
tionally, Chitralada skin had a lower percentage of
SFA, important in the prevention of cardiovascular
diseases (Simopoulos 1991; Howe 1997; Wahlquist
1998). The hybrid pro¢le had intermediate values be-
tween both parental species.
The similarities between the FA pro¢les of all tis-
sues suggest that the ¢llets of the strains and hybrid
analysed present no alterations in the biochemical
composition at commercial size and this result can
be attributed to the lean characteristic of tilapia ¢llet,
which was not altered by di¡erent genetic back-
grounds. However, themetabolismof the animals dif-
fers among the three groups. The data suggest that
Chitralada have a FA pro¢le that is qualitatively dif-
ferent, even though the Red-Stirling and hybrid have
the same amount of hepatic lipids. Speci¢cally, Chit-
ralada have a higher percentage of n6PUFA stored in
the hepatocytes and a higher percentage of C22:6n3
in the hepatocyte membranes, which is clearly re-
£ected in the skin. This pattern suggests that even
consuming the same diet, Chitralada have a higher
ability to depot PUFA in the skin due to alterations
observed in the liver synthetic pathway.
A growth performance trial comparing these
strains with the same animals used in the present
study con¢rmed that Chitralada reach a higher body
mass than Red-Stirling over the same period even
when eating the same diet. In contrast, the hybrid’s
body mass was between the two strains, suggesting a
possible gene interaction between the parental spe-
cies (Freitas 2007). Studies of the biochemical compo-
sition of ¢sh tissues show that the heritability of lipid
traits is higher than that of protein traits (Quinton,
Mcmillan & Glebe 2005; Tobin, Kause, Mntysaari,
Martin, Houlihan, Dobly, Kiessling, Rungruangsak-
torrissen, Ritola & Ruohonen 2006; Kocour, Mauger,
Rodina, Gela, Linhart & Vandeputte 2007), and Tobin
et al. (2006) suggest that rapid growth in trout is re-
lated to increased fat deposition. In conclusion, we
suggest that the fat content, andmainly, the FApro¢le
of the stored fat, is important tomodulate ¢shgrowth.
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